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Abstract
Mathematical equations have been derived to calculate the
relationship of the dot area and the radius or diameter of a
halftone dot . Dot gain is directly associated with the
perimeter and the shape of a halftone dot. It is important
to study the relationship between dot gain and dot shape, and
to understand how each affects the printing result . The
border zone theory explains that when dot gain occurs, the
width of the border zone around the dot is constant and is
independent of the dot shape and dot area. Four halftone
gray scales with different dot shapes were made by a series
of photographic processes. Both film contacting and a press
run were employed to determine whether the border zone theory
is valid. A transmission densitometer and an image analyzer
were used to measure the dot area on film, plate, and press
sheet. The final result of this study does not support
thevalidity of the border zone theory. Different dot shapes
do have different dot gain functions. The diamond-shaped dot
in this study has the most dot gain around the quarter-tone.
The square dot and round dot model 1 of this study has the
most dot gain around the middle-tone, while the shape of
round dot model 2 has the most dot gain around the
three-quarter-tone. These findings indicate that printers
should take dot shape into consideration when they perform
the halftone process.
Chapter 1
Introduction
The purpose
The purpose of this research is to study the relationship
between dot shape and dot gain, and to prove if the border
zone theory is valid in the offset lithographic printing
process .
Statement of the problems
The basic concept of reproducing a continuous tone image for
most of printing processes is to break up the continuous tone
image into many tiny picture elements. With the image data
of these picture elements, the corrections and calculations
are made to compromise with the restrictions of the printing
processes and to convert the pixel data into proper forms
that can be used in the printing processes . The most
commonly used form is the halftone dot. In the operation of
a lithographic printing press, a given amount of ink is
transferred from the ink fountain to the inking rollers and
then to the image areas of the plate. On an offset press,
the ink on the plate is then transferred to the offset
blanket and from this to the substrate. A uniform density of
ink film is expected to print on the substrate. Halftone
lithography combines these concepts and reproduces an image
by printing a uniform ink film but varying in dot sizes.
Most printing processes can print either a solid ink
density or no ink. To produce intermediate tones, the
printed area must be broken up into a pattern of solid black
2dots and clear white paper. The reflectance of the printed
area is determined primarily by what fraction of the area is
covered with ink.1 In order to provide optimum reproduction
quality, it is necessary to identify and understand all
important causes of changes in dot area and dot shape and
reduce their effect as much as possible.2 One of the main
factors that lead to changes in picture contrast, color
variation, image sharpness, reproduction resolution, tone
reproduction, and overall appearance is dot gain. Monitoring
and measuring the middle-tone dot areas may be far more
important than only measuring the solid ink densities.3
Dot gain can be categorized into two parts:
(1) Mechanical dot gain: is the total physical increase in
dot size that occurs at each image transfer stage between
separation films and printed press sheet.4 It can be
calculated by subtracting the percent dot on film from the
percent dot on paper.
(2) Optical dot gain: occurs when light is scattered within
the paper and some of the light is trapped below the halftone
dots and absorbed by the ink.5 Optical dot gain creates the
illusion of an increase in dot size because some of the
incident light striking the press sheet is not reflected, but
remains trapped below the dots.6 Actually, the optical dot
gain will not increase the dot size on paper. It can be
described as the difference between the physical dot size on
paper and the dot size which is measured by a densitometer
and is calculated by using the Murray-Davies equation.
Dot size change is inherent to the lithographic process .
It can not be completely eliminated but it can be measured
and controlled. It creates no problem if it is consistent.7
Dot gain in itself is not detrimental to the quality of
halftone reproductions. It can be compensated for by
reducing the dot size proportionally on halftone negatives or
positives . 8
3Based on the border zone theory, dot gain can be
calculated according to its geometrical shape. The
definition of border zone theory will be mentioned in chapter
2. Different dot sizes, dot shapes, and screen rulings have
different dot perimeters and, therefore, have different dot
gains. If we know how to describe a dot shape and its growth
pattern, we can calculate the dot area and dot gain
mathematically.
Scope of the study
Since geometrical calculation can only estimate physical dot
area and mechanical dot gain, this study only focuses on
mechanical dot gain and disregards the optical dot gain.
This paper also eliminates the influence of slur and doubling
in the mechanical dot gain and concentrates on fill-in only.
Border zone theory has been adopted as the dot gain model in
this investigation. All the theoretical models are based on
border zone theory. Basically, the author considers that the
ink film thickness of the tint dots and a solid ink area are
the same and uniform. This study is not concerned with the
corner link-up problem as well.
Two experiments are given to prove the border zone
theory. One of them is a film contacting test, the other is
a press test .
For the experiment of film contacting, the variables
were :
(1) four dot shapes one square dot, two round dots, and
one diamond-shaped dot. (refer to figure 4)
(2) four levels of dot gain.
The controlled parameters were:
(1) film room light type contacting film.
(2) exposure conditions contact frame with point light
source and integrator.
(3) chemicals rapid access processor and chemicals.
(4) screen ruling 134 lines per inch.
4For the press experiment, the variables were:
(1) four dot shapes one square dot, two round dots, and
one diamond-shaped dot.
(2) two levels of dot gain.
The controlled parameters were:
(1) paper coated paper.
(2) ink black ink.
(3) press conditions -- pressure, speed, ink-water balance.
(4) screen ruling 134 lines per inch.
Endnotes for Chapter 1
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7 Milton Pearson, Irving Pobboravsky, and Chester Daniels,
"INSTRUMENTATION FOR THE MEASUREMENT OF SLUR AND FILL-IN ON
A LITHOGRAPHIC WEB PRESS", TAGA Proceedings, 197 9, p. 163.
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Chapter 2
Theoretical Bases of the Study
Dot Structures
The first essential contribution towards a mathematical
description of halftone dots has been made by Haller1 who
successfully derived mathematical formulas to describe the
dot shape as a function of the dot area proceeding
continuously from highlights to the shadows.
The general screen dot model may be used for:2
(1) the characterization of dot shapes,
(2) the calculation of dot area from dot dimensions,
(3) digital information processing, and
(4) producing screened copies for precision test elements.
The basic parameters for describing a dot shape is listed
in Figure l3 .
The simplest equation to plot a circular dot shape in an
X-Y coordinate system is :
y = (l-x2)i/2 (1)
The equation which can express more complex isolated dot
shapes is : 4
y = d2*{ [l-(x/d1)a]/[l +c*(x/d1)a] }l/e (2)
di : horizontal diameter
d2 : vertical diameter
c: curvature of the dot size
a,e: curvature of the corners
parameter variations
arrangement
directional dependence
curvature in the corners
curvature of the sides
isolated
chain
isotropic
anisotropic
strongly rounded
slightly rounded
pointed
straight
inward curved (cushion-shaped)
outward curved (barrel-shaped)
Figure 1. Parameters for describing a dot shape
A chainlike dot can be divided into a rectangle and two
halves of an isolated dot. (see Figure 2)
Figure 2. Structure of a chainlike dot
Since dot shape can influence two important criteria, dot
gain and the evenness of tone rendering, in the reproduction
of halftone images, how to calculate the dot area
8corresponding to a parameter which is related to dot gain
directly is most significant. Figure 3 shows the dot
structures that are used in this investigation. When the dot
area is calculated, the shadow areas in Figure 3 should not
be taken into account. Figure 4 shows the growth patterns of
these dot shapes .
If we assume that the unit area is equal to 1, all the
diameters and the lengths of the edges of a dot can be
expressed proportionally. Two parameters are given to
calculate the percent dot area, A. Both of them are
represented as a fraction of the length of a unit area.
(1) r: the distance from the center of a dot to the edge of a
dot divided by the length of a unit area.
(2) rw: the distance from the center of a clear white area to
the edge of a dot divided by the unit length of a dot .
Square dot and diamond-shaped dot will reverse the dot at
50% due to their symmetrical dot structure. However, round
dot needs to be separated into two models in order to
describe it properly. For this reason, the author used two
different round dot models.
The square dot
The relationship between dot area A and r can be derived as:
for r <= (2) ^2/4, A = 4r2 (3)
r = (A)!/2/2 (4)
for r > (2)i/2/4, A = l-4*[ (2)1/2/2-r]2 (5)
r = [(2)i/2-(A-i)i/2] /2 (6)
for r >= (2)1/2/4, A = 100 %
The round dot model 1
The relationship between dot area A, r, and rw can be
expressed as :
S /
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r: the distance from dot center
to dot edge
rw: the distance from the center
of the white area to dot edge
a: vertical diameter
b: horizontal diameter
(c) diamond-shaped dot
Figure 3. Dot structures that are used in this study
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Figure 4. Dot growth patterns
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for r <= (1/2 )i/2, a = Ttr2 (7)
r = (A/TO1/2 (8)
for rw < (1/2 )i/2, a = 1- 7irw2 (9)
rw = [(l-A)/7fp/2 (10)
The round dot model 2
The formulas are:
for r <= 1/2, A = 71T2 (11)
r = (A/71)1/2 (12)
for r > 1/2, A = 7ir2* { 1- [Cos"1 ( l/2r ) /45] }
- 2*[r2-(l/4) ]i/2 (13)
for r >= (2)i/2/2, A = 100 %
The diamond-shaped dot
If we assume that the vertical diameter a=0.25 (unit length),
the horizontal diameter b=0 . 5 (unit length), and the dot
shape factor f=a/b=0.5, the equations are:
for r <= (5)i/2/10, A = 5*r2 (14)
r = (A/5) i/2 (15)
for (5)i/2/10 < r <= 3*(5)i/2/20,
A = (5)i/2 *r-(l/4) (16)
r = [ (l/4)+A]/(5)i/2 (17)
for (5)i/2/10 < rw < 3*(5)i/2/20,
A = (5/4)-(5)i/2*rw (18)
rw = [ (5/4)-A]/(5)i/2 (19)
for r <= (5)i/2/10, A = 1- [5* (rw) 2] (20)
rw = [(l-A)/5]i/2 (21)
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The derivation of equation (11) to equation (13) is given
in Appendix A, and the derivation of equation (3) through
equation (6) and equation (14) through equation (21) is given in
Appendix B .
Since r can be calculated from a given dot area A on film
and r is directly related to the width of the border zone,
Ar, the change of the dot radius or diameter, we can
calculate the dot area on paper from r+Ar and subtract the
dot area on film to get the amount of dot gain.
Appendix C gives several examples of different amounts of
dot gain calculations of four dot patterns based on border
zone theory. The dot gain curves of each model are showed in
the Appendix C as well.
Border Zone Theory
The printing process adds a boundary zone of a certain width
to the dot thus enlarging the geometrical size of the dot.
This difference we call geometrical dot gain. It is evident
that screen dots of equal area but of different perimeters
will show different dot gains.5 The border zone around the
dot is uniform and it is assumed to be the same for different
dot sizes and dot shapes. Figure 5 shows the basic idea
about border zone phenomenon. One of the possible causes of
dot gain resulting in an equal amount of spread out on paper
is a radial absorption of ink at the edges the of dots.
Another possible cause of dot gain is multiple misregister
during image transfer on the printing press due to the
variability of the machine.
Dot Gain
Dot gain is the dot size change during image transfer. It
can be defined as the increase in a halftone dot area that
was printed on a substrate as compared to the dot area which
was generated on film or plate. Since it cannot be
completely eliminated, controlled and consistent gain is
13
vik .ik ^
(a) square dot (d) diamond-shaped dot
(b) round dot model 1 ,c) round dot model 2
I dot on original film
C3 dot gain
Figure 5. Border zone phenomenon
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expected in the printing process. Once it is controlled
consistently in the pressroom, the discrepancy can be
compensated in the prepress area.
Dot gain is classified into two major categories,
mechanical dot gain and optical dot gain. Figure 6 shows the
categories of dot gain.
Mechanical dot gain
Mechanical dot gain is the enlargement of the geometrical dot
size on the substrate compared to the dot size on the
original film or plate. It is influenced by:
(1) Ink film thickness,
(2) Ink character, especially, ink viscosity,
(3) Paper character, such as smoothness and absorbency,
(4) The pressure on the plate-blanket nip,
(5) The precision of the printing mechanism, and
(6) The dampening level.
Mechanical dot gain can be divided into two component
parts: by a general increase in the size of the print,
sometimes call
'fill-in' or by a directional increase, call
'slur' which is probably caused by a slippage of the printing
surfaces at the moment of transfer.6 Generally, doubling is
added into the part of directional dot gain. Both slur and
doubling are regarded as faults and their occurrence and
effect on the print is unpredictable.7 Figure 7 illustrates
the phenomena of fill-in, slur, and doubling.
Fill-in. The halftone dots are enlarged during image
transfer. The ink spreads over the edge of each dot and
results in a larger dot due to the spreading of ink into the
paper fiber at the edge of the dot and multiple misregister
by the printing machine.
S_lu_r. Slur is a directional increase in dot size noticeable
as an elongation or smearing at the trailing edge of a
halftone dot. A distinct feature of slur is that it usually
15
DOT GAIN
OPTICAL MECHANICAL
DOT GAIN DOT GAIN
NON-DIRECTIONAL DIRECTIONAL
" I I
FILL-IN SLUR DOUBLING
Figure 6. The category of dot gain
/
I (V\\\VS . f\\\\\1
\
fill-in slur doubling
Figure 7 . The phenomenon of fill-in,
slur, and doubling
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occurs in the direction of cylinder rotation on the press.8
It is believed that slur is attributed to a surface speed
difference between two cylinders. The different surface
speed of two cylinders creates a slippage on the nip of those
two cylinders and therefore creates the phenomenon of slur.
Slur is most easily detected in the shadow area. A thin veil
of ink over the trailing edges of a dot is the characteristic
of slur.
Doubling. Doubling of a halftone dot refers to a weaker, or
ghost dot whose position is out of register relative to the
full strength true dot. In multi-color work, the blanket
picks up a faint impression from the preceding sheet and
fails to transfer it in exact register to the next one being
printed. If the transferred dots are not in register with
the true, full impression dots, doubling occurs.9 The
printed sheet prematurely slapping against the blanket when
it goes into the printing nip will cause doubling as well.
Doubling can be described as a case of misregister. It
varies from sheet to sheet causing up-and-down color
variations in process color printing.
Optical dot gain
The purpose of the ink pigment suspended in a resinous
vehicle is to absorb light of various colors selectively.
The function of the paper is to reflect and diffuse the
incident light and to act as a mechanical support for the
ink. The optical effects of an ink film coated on paper can
be described as follows:
About 4% of the incident light is reflected at the
surface of the ink. We call this phenomenon the first-
surface reflection. The light which penetrates the ink film
is reflected in all directions by the paper. It is partly
absorbed during its two passages through the ink film. Light
which penetrates into paper as shown in Figure 8 may emerge
at an appreciable distance from its point of entry, and some
17
incident light
paper
first-surface reflection
light scatterred in paper
light emerged from ink film
multiple internal reflection
Figure 8. Optical effects with an ink film
printed on paper
5SW
vn?*)//ntikm/>ni>m
IV. <f^r rc
a: The spot which loses light due to light scattering
is compensated by the scatterring light of the other
spots which surround it, therefore, it shows white.
b:The spot which loses light underneath the ink, can
not be compensated by the spots which are covered by
ink, therefore, it does not show white but a gray shadow.
Figure 9. The phenomenon of optical dot gain
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of it will be transmitted through the paper and will emerge
from the other side. Some of the light will be reflected
between paper surface and the upper surface of the ink.
Eventually it either emerges or is absorbed.10 This
occurrence we call multiple internal reflections.
Paper also acts as a diffusing sheet. It diffuses the
incident light in all directions. The spot which is hit by
the incident light loses a certain amount of reflected
light due to the light diffused by paper, but it is
compensated for by the diffused light of the spots around it .
Therefore, it appears as an even density all over a sheet of
paper. If the ink is printed on paper, the light which
penetrates into paper does not emerge from the spot where it
entered, so that some of the light around the dot may travel
beneath the dot and be absorbed by the ink. Figure 9
illustrates the phenomenon of optical dot gain. It results
in an colorless shadow around the dot and creates an
appreciable increase of density. If we calculate the % dot
area by the Murray-Davies equation, the % dot area will be
larger than the actual dot area on paper due to a higher
density reading. We call this increased dot area optical dot
gain .
Optical dot gain is more pronounced on rougher paper
surfaces or more porous paper structures . Since the
off-press proofing system does not have mechanical dot gain,
it needs to simulate the sum of mechanical and optical dot
gain by increasing the optical dot gain. In order to produce
the optical dot gain a special image carrier or finished
laminate is used to scatter more incident light . 1:l
Dot shape and dot gain
Dot gain is directly connected with the perimeter of the dot
and thus the shape of a given dot influences the amount of
dot gain. The round dot can partially compensate for
plugging, entrapment, and dot gain in the three-quarter-tone
19
by minimizing the effect of link-up. Theoretically, for the
round dot, the range of the greatest dot gain is around 65%
to 85%. The range of the greatest dot gain can be described
as the range where the greatest dot gain occurred. The
diamond-shaped dot has the range extending from the
quarter-tone (20%~30%) to three-quarter-tone (70%~80%)
depending on the dot shape factor. (refer to Appendix C)
Dot area measurement
There are several methods of dot area measurement . Some
of them are mathematical equations to calculate percent dot
area based on densitometry. Some of them use a microscope
and fine-scanning equipment to get the percent dot area.
Murray-Davies equation
The density of a printed halftone tint as it appears to the
eye or to the densitometer depends on at least three
factors; 12
(1) the density of the printed ink,
(2) the area of the dots, and
(3) the opacity and brightness of the paper surface.
The Murray-Davies equation is based on the premise that
the paper is a perfect reflector and diffuser., and the
halftone area will absorb a fraction of incident light
proportionally to the absorption of solid area depending on
the area of dot . The dot area can be expressed by the
following equation:
a = At/As = (1-Rt)/ d-Rs)
As : a fraction of incident light
absorbed by solid area.
At_ : a fraction of incident light
absorbed by tint area.
Rs : the total reflection light from
solid area.
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Rt : the total reflection light from
tint area.
Normally printers use density rather than absorption or
reflectance. Since
Density = _lo<? Reflectance, Reflectance = 10_D
the equation becomes
a = (l-10-Dt)/(i-io-Ds)
This equation is known as the Murray-Davies equation. By
nulling a densitometer to a non-printed area of press sheet,
the density above the paper can be measured. After measuring
the density of the solid area and the density of the tint
area, dot area can be calculated by the Murray-Davies
equation .
Yule-Neilsen equation
The light incident on a halftone dot pattern follows a
complex path in being reflected from, or absorbed by, the
paper.13 The light does not emerge from the paper at exactly
the spot where it entered, so that some of the light which
enters through white paper emerges through a dot . It is
shown that this appreciably increases the density of the
middle-tones, especially on uncoated papers, and multiple
internal reflections from the paper surface increase it still
further, so that the usual simple equation relating dot area
to density is not accurate.14 The Yule-Neilsen equation
tries to eliminate the scattering effect of the substrate to
a minimum and to get the geometrical dot area on the paper.
An n value was added to the Murray-Davies equation to
compensate the optical dot gain. The n value is mainly
dependent upon the scattering function of the paper and the
halftone screen ruling. The following equation is known as
the Yule-Neilson equation.
a = (l-10-Dt/n)/(l-10-Ds/n)
The derivation of the Yule-Neilsen equation is given in
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Appendix D. This equation is not rigorously true for several
reasons:15 (1) surface reflection always plays a part;
(2) the internal reflections affect the result; (3) the
paper does not completely diffuse the dot pattern; (4) it is
not certain that the small dots carry as heavy a layer of ink
as the solid, or that it is uniform over the area of the dot.
Microscopy
In 1954, Yule and Howe were the first people who used a
microscope and photomultiplier tube to measure a dot area.
They also gave the method which determines the threshold
value of a dot boundary when using a microscope to analyze a
dot . "The measured area of a dot depends upon what part of
the dot is selected as the dot boundary. When a printing
plate is made from a halftone negative, the dot boundary is a
fixed density such that all parts of the dot above this
density do not print and all parts of the dot below this
density do print. This density is equal to that of the first
step of the sensitivity guide which prints on the press
sheet."16 In 1982, Saleh employed the Quant imet 7 20 Image
Analyser to determine the dot area measurements.17 The
Quantimet consisted of a high resolution vidicon TV scanner
attached to an Epidiascope input peripheral for processing
color and black and white photographs .
The planimeter is an instrument which contains a lens and
filter system and a vidicon screen of a video camera. By
calculating the scanning distance, scanning time of a high
and a low density, the dot area can be determined. An old
and inaccurate method, cut and weigh, can be used to analyze
dot area when other methods are not available. It is the
method in which a photomicrograph is carefully cut into black
and white image areas, then weigh on an analytical balance.
By simple calculation of the ratio of the black area and the
original area of the photomicrograph, the percent dot area is
determined.
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Chapter 3
A Review of the Literature in the Field
In conducting a review of the literature on dot gain, it was
found that while there has been a significant amount of work
done on dot gain, there has been few pertinent studies
regarding the relationship between dot shape and dot gain.
Fewer studies have been conducted relating to geometrical
calculations of a dot area and dot gain. Dot gain is
directly connected with the perimeter of a given dot.
Different dot shapes have different perimeters. Therefore,
dot shape is strongly related to dot gain. Many researchers
made their conclusions about dot gain without mentioning what
kind of dot shape that they were working on. This creates a
little difficulty to understand where the result came from.
Dot structure and dot area measurement
In order to calculate a dot area mathematically, the first
thing we have to do is to define a dot shape mathematically.
In 1974, Karl Haller used mathematical equations to describe
that the dot shape is a function of dot area.1 A series of
studies were made by Haller and other researchers in Europe.
In 1979, Schlapfer and Sudan found that: (1) to prevent
corner link-up, the horizontal diameter of isolated dots may
not exceed 90% of unit length; and (2) to prevent rupture of
the bridge between chain dots, the diameter of the bridge may
not be smaller than 10% of unit length.2
They also found that elliptical and cushion-shaped dots
lead to a lesser discontinuity in tone rendering than angular
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or even dog-ear-shaped dots.3 In 197 9, Haller developed a
mathematical model for transfer characteristic curves, but he
also pointed out that under unfavorable printing conditions
(diluted ink, conventional rubber blanket) a characteristic
value AF50% itself is no longer representative of the whole
transfer characteristic curve. This result is especially
marked with the circular screen dots.4 Haller' s finding
proved that not all screen dot shapes show the greatest dot
gain in the middle-tone .
In 1983, R.Kellerer and K.Dolezalek mentioned that dot
gain is directly related to the perimeter of a given dot.
Highly oblong screen dots lead roughly to 2 to 3 percent
higher dot gain compared with gains from circular dots.5 In
1970, Franz Sigg in his research found that the dot area
range between 65 percent and 85 percent is most sensitive to
changes in dot gain, and should therefore be used for control
purposes.6 Sigg's study was to compare the density
difference before and after the dot gain occurred with
percent dot area on the film. He mentioned that study the
changes in print density was more important than study the
changes in dot area. His study was based on the border zone
theory and assumed that the ink film thickness of the tint
and solid is the same and uniform.
In 1936, the Murray-Davies equation was published by
A. Murray.7 And then the equation was modified by Yule and
Neilsen 8 in 1951 to get physical dot area on paper. Yule
and Howe used a new scanning measurement method to measure
the dot area on film in 1954. 9 They described this method as
appropriate for research purposes. Photomicrographs of dots
are made and the dot area can then be measured by means of a
planimeter or by tracing on squared paper. From that time
on, planimeters were mostly used in laboratories to measure
the dot area on any flat substrate. In 1987, Peter Greaves
and Bryan Sunderland published their report and pointed out
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that the planimeter was increasing in use within the United
Kingdom to produce the transfer standard information for
press and process control densitometers.10 The purpose of
their study was to use a geometrical measurement to provide a
standard for densitometer calibration and instrument to
instrument agreement, and therefore can eliminate the absence
of a firm base number using the Yule-Neilsen equation.
In 1984, Richard D. Warner of GATF created The Dot Gain
Scale-II which is a visual quality control device for use in
the halftone printing process to quantitatively determine the
changes in halftone dot area at the 50 percent tone value for
graphic arts films, prepress proofs, printing plates and
printed press sheets.11
Dot gain
A direct relationship between dot diameter, dot circumference
and dot area has been established which confirms the border
zone theory.12 The experiment was conducted to determine
area changes during plate-making.
Factors that influence dot gain on a lithographic offset
press can be found in following investigations. Solid ink
density had the largest effect on fill-in and a smaller, but
inverse effect on slur.13 A large increase in blanket
packing had a surprisingly small effect on both fill-in and
slur. Water amount, paper tension, press speed, the number
of units on impression, and all interactions have no effect
on dot gain.14 Fill-in is shown to be the largest component
of dot gain.15
By using microscopes to observe the image transfer
between the ink form roller and plate nip, plate-blanket nip,
and blanket-paper nip, the following results were found: (1)
No dot gain takes place on Pre-sensitized (PS) plates under
appropriate printing conditions (i.e. the inked dot on the
plate does not display any gain in relation to the dot image
on the plate); (2) The dot size of printed papers is slightly
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smaller than that of the blanket; (3) Fountain solution
setting does not significantly affect dot size, but can
increase the number and size of white spots in inked dot and
decrease the ink layer thickness as the supply becomes
excessive; and (4) Dot gain takes place mainly at
plate-to-blanket nip and is pressure related.16
Tests were done by Alan DePaoli in 1981. He found (1)
paper character, ink character, and ink film thickness have
primarily affected dot gain; (2) dampening level has almost
no effect on actual dot size, but it does affect the apparent
dot gain (contrast) by causing lower solid densities while
leaving tint densities relatively unaffected; (3) blanket
impression setting with a compressible blanket, press speed,
ink form roller squeeze, fountain solution type (alkaline,
acid, or neutral) , and type of blanket construction
(compressible or non-compressible) had no effect on dot
gain. 17
In 1982, A. Ghany Saleh found that the fraction of the
free ink transfer to the paper depends on both the surface
smoothness, oil absorbency, and compressibility of the
substrate . 18
The other factors that have an influence on the amount of
dot gain are :
(1) Fine screen ruling yields more dot gain than course
screen ruling.19
(2) As ink viscosity increases, dot gain will decrease, and
if ink viscosity is optimized, dot gain will be
optimized.20
(3) Paper smoothness is the main contributor to slur and
absorption has the greatest influence on
fill-in.21
Viggiano developed the GRL dot gain model in
1983.22 His
study was based on the perimeter dot gain theory. In 1987,
Huntsman developed another dot gain model and used on the
multilayer off-press proofing
system.23
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Chapter 4
The Hypothesis
Based on the border zone theory, the following hypothesis was
made :
Hypothesis : When dot gain occurs, the increase of the
radius or diameter of a dot (Ar) is independent
of the percent dot areas and the dot shapes .
There is no significant difference among the
Ars of any dot area and dot shape .
The statistic hypotheses are given in Chapter 5.
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Chapter 5
Methodology
Experimental Description
Halftone gray scale production
In order to test the same dot shapes which were mentioned in
Chapter 2, a halftone gray scale for each dot shape had to be
created by using a series of photographic processes. The
original 50% dot was drawn by hand, and then a process camera
was used to produce the rest of the original dots from 10% to
90%. Each original dot was placed on the step-and- repeat
machine to create a 32 by 20 dot matrix. By carefully using
the process camera and enlarger, each dot matrix was reduced
2 67 times to get a 133 lines per inch halftone patch. The
size of the final patch was 0.24" by 0.15". The halftone
gray scale of each dot shape has 9 patches with different
percent dot areas. Since the width of the border zone is
independent of dot size and dot shape, the percent dot areas
of each halftone gray scale do not have to be exactly the
same. This simplifies the generation of the halftone gray
scale .
Experimental design
Two experiments were designed to find out if the border zone
theory is valid or not. The first experiment (experiment 1)
was a film contacting test. The purpose of this test was to
create four different levels of dot gain by film contacting
to determine if the width of the border zone (Ar) is
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independent of dot area and dot shape . Dot shape and dot
area were the two variables being tested. There were four
levels of shapes: square dot, diamond-shaped dot, round dot
model 1, and round dot model 2. Each has nine levels of dot
areas from highlight to shadow. The data table which is
prepared for two-way analysis of variance is shown in
Table 1.
Table 1 . The data table prepared for
two-way ANOVA
SHAPES
SQUARE DIAMOND ROUND 1 ROUND2
1 Arsi ArDi ArRll ArR21
2 ArS2 ArD2 ArR12 ArR22
3 ArS3 ArD3 ArR13 ArR23
DOT 4 ArS4 ArD4 ArR14 ArR24
5 ArS5 A^D5 ArR15 ArR25
AREA 6 Ars6 ArD6 A^R16 ArR26
7 Ars7 ArD7 ArR17 ArR27
8 ArS8 ArD8 ArR18 ArR28
9 Ars9 ArD9 ArR19 ArR29
Ar is the width of the border zone, or the change of the
radii or dot diameters before and after the contacting test
or press run.
Because it is time consuming to make measurements on the
image analyzer, there is only one data for each cell if there
is no significant difference among the samples. Therefore,
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the error term of the ANOVA table is :
SSE = Total SS - SSshape - SSdot area (22)
SSE is the sum of squares of error, Total SS is the sum
of squares of total variation, SSshape is the sum of squares
for dot shape, and SSdot area is the sum of squares for dot
area. The second experiment (experiment 2) had the same
design as experiment 1, but using a different approach. A
press run was performed to print four halftone gray scales on
coated paper. Two levels of ink supply were used to create
two different degrees of dot gain. Again, one data point was
generated for each cell in this test.
Layout of the test form
(1) Experiment 1: This is a film contacting test. Four
positive halftone gray scales were arranged randomly on the
test form which is shown in Figure 10. A UGRA Wedge was used
to control the exposure time.
(2) Experiment 2: This is a press run. The test form which
was used to make a plate and used for the press run is shown
in Figure 11 .
a) The main image is the four halftone gray scales. The
solid patches were used to control the solid ink
density.
b) The GATF Star Target is to visually control the
printing pressure and the proper amount of ink applied
during make-ready.
c) The GATF QC Strip was used to visually control the
ink-water balance .
d) The GATF Dot Gain Scale and Slur Gauge were used to
visually control the dot gain and slur.
e) The RIT Doubling Control Target was to visually
control the slur and doubling.
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S R2 1JGRA D Rl
S: halftone scale of square dot
Rl : halftone scale of round dot model 1
D: halftone scale of diamond-shaped dot
R2 : halftone scale of round dot model 2
UGRA: UGRA Wedge
Figure 10. Test form of experiment 1
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1:UGRA Wedge
2: GATF Star Target
3: RIT Doubling Target
4:GATF Dot Gain and Slur Gauge
5: GATF QC Strip
6: Images for visual judgement
7:Halftone Scale of Rolyal Zenith scanner
8:Main images: Gray scales
Figure 11. Test form of experiment 2
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f ) The UGRA Wedge was to control the exposure during
plate-making and its slur target was used to measure
the amount of slur.
g) Three images and the halftone gray scales which were
made on the Royal Zenith 210L scanner were used to
visually compare the effect of dot gain for the
different dot shapes .
Equipment and materials nspri
Experiment 1 .
(1) nuArc contact frame with point light source.
(2) Dupont 28C rapid access processor.
(3) Kodak QCF room light type contact film.
(4) Dot area meter which was made by Mr. Franz Sigg in RIT
T&E Center.
(5) Olympus CUE-2 Image Analyzer.
Experiment 2 .
(1) Negative working 3M Viking Gl PS plate and nuArc contact
frame for plate-making.
(2) Heidelberg Offset SORM single color sheetfed press.
(3) Morrison Offset Sheet-fed Super Ultra Set 1/D Dense Black
Ink.
(4) Champion Coated paper (12.5" by 19", 120 g/m2)
(5) Olympus CUE-2 Image Analyzer.
(6) X-Rite 418 Densitometer.
Procedure and requirements
Experiment 1 .
(1) Determining the optimum exposure time for contacting.
The requirements are Dmax should be higher than 3.0 while the
highest dot gain is lower than 3%.
(2) Making four contacting films from the original test form.
The exposure time and the conditions of the contacting test
are :
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a) The first contacting film: optimum exposure time,
emulsion-to-emulsion .
b) The second contacting film: double the optimum
exposure time, emulsion-to-emulsion.
c) The third contacting film: double the optimum
exposure time with a clear spacer ( 0 . 1 mm thick)
between the original film and contacting film,
emulsion-to-emulsion .
d) The fourth contacting film: double the optimum
exposure time with two clear spacers between the
original film and contacting film,
emulsion-to-emulsion .
(3) Repeat step (2) until three sets of contacts are made.
(4) Check the micro line and the continuous-tone gray scale
of the UGRA Wedge on the contacts and make sure every
exposure is properly under control.
Experiment 2 .
(1) Plate was made using an exposure time such that the 12
micron line is still visible. A UGRA Wedge was used to
control the quality of the plate-making.
(2) Carefully pack the plate cylinder and blanket cylinder
under the manufacter's instruction.
(3) After printing the first several sheets, it was important
to check the control targets to make sure the pressure and
ink-water balance were under proper control. Slur and
doubling were avoided during this press run.
(4) The press speed was kept at 5000 impressions per hour.
In the mean time, check the solid ink density for each
halftone gray scale by using a densitometer. The solid ink
density was kept at density of 1.380.03.
(5) 200 sheets were printed when all the conditions were
under control.
(6) Increase the amount of ink supply to rise the solid ink
density to 1.600.03. and another 200 sheets were run through
the press.
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(7) Three sheets of each press run were sampled randomly for
measuring.
Data measurement and calculations
For experiment 1, two instruments were used to measure the
dot area on film. The dot area meter is the instrument which
measures the transmittance of the film and converts the
transmittance into percent dot area. These dot area readings
were prepared for comparing with the dot area readings which
were measured by the image analyzer. If the differences in
the dot area readings which were measured through the dot
area meter are less than 0.2%, all three sets of contact
films need to be treated as the same. Therefore, only one of
them needs to be measured by the image analyzer. On the
other hand, if there are significant differences among them (
> 0.2% ), all three sets of the contact films need to be
measured by the image analyzer .
The image analyzer employs highly advanced components of
imaging technology to provide a variety of processing,
analytical, and statistical functions applicable to
microscopy and many fields of science and industry. If use
properly, it is a good instrument to measure the dot area on
any kind of substrate. The configuration of the image
analyzer that this author used is illustrated in
Figure 12 . It can enlarge either a reflection copy or a
transmission copy by simply changing the light source. It
can magnify an object from 50X to 1000X. This study used a
100X magnification. A Charge-Coupled Device (CCD) camera
which attaches to the top port of the optical tube on the
microscope has the resolution of 510 by 492 pixels, and a S/N
(signal to noise ratio) of 50 dB . The image caught by the
camera is displayed on a monitor of 512 by 512 pixels, where
each pixel may have a 'gray
level'
ranging from 0 (black) to
255 (white) . An image analyzing program is used to analyze
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Figure 12. The configuration of Olympus CUE-2
Image Analyzer
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the image data. There are several requirements which must be
carefully controlled. (1) For each image which will be
analyzed, the cropping must be exactly the same. In other
words, the same number of pixels needs to be cropped and
analyzed for each image. (2) The setting of the threshold
value needs to be treated equally for each image. (3) It is
important to measure at least several halftone dots to reduce
error in the measurements.
Once the threshold value was set, the image was converted
into a binary image, then the dot area was determined by the
following formula:
dot area = the number of the black pixels /
the total number of pixels which are analyzed
(23)
The diameter of a halftone dot can be measured either by
the image analyzer or by calculating it from the equations.
In this study, the author preferred to use equations to get
the diameter of a halftone dot . There were two reasons for
this decision. (1) They were very close. (2) By using the
image analyzer, it was very difficult to determine the center
of a dot as well as the edge of a dot . On the other hand, the
diameter can be determined very easily by employing
equations. The width of the border zone (Ar) was calculated
by the following formula:
Ar = r2 - rl (24)
rl : the radius or diameter of the dot on original
film.
r2 : the radius or diameter of the dot on
contacting film or press sheet.
It should be emphasized that in the contacting test, the
dot actually sharpened when performing the contacting test.
This study employed Ar = rl
- r2 to replace the original
formula. It also needs to be emphasized that if the dot
shape on the contacting film or the press sheet can no longer
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be recognized, it is not necessary to calculate the diameter
anymore .
Method of statistical analysis
Analysis of variance (ANOVA) was the statistical method for
determining if the hypothesis was rejected or not. A
statistical software, Minitab, was used to calculate the
ANOVA table.
The hypotheses were:
Hypothesis 1 Ho : m = m = mi = nR2
H;
Hypothesis 2
one or more pairs of population mean
differ
r^s = the population mean of square dot
M-D = the population mean of diamond-shaped dot
M'Ri = the population mean of round dot model 1
M^ = the population mean of round dot model 2
H0 : II, = jl2 = (13 = (l4 = |i5 = (i6 = (l7 = ji8 = |i9
Ha : one or more pairs of population mean
diffe.
M-l-9 = the population mean of dot area #1~#9
This study adopted =0.05 for type I error. For
hypothesis 1, the critical tabulated f value is 3.01 and 2.36
is for hypothesis 2. The null hypothesis is rejected if the
f ratio derived from ANOVA is greater than the critical
tabulated f value. If either the hypothesis 1 or hypothesis
2 is rejected by the result of analysis of variance, by the
definition of the border zone theory, this study could not
support that the border zone theory is valid. In other
words, the border zone theory is not rejected if and only if
the null hypotheses are not rejected.
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Chapter 6
The Results
The results of experiments
The final screen ruling of the halftone gray scales that were
made by this author is 134 lines per inch. The unit length
is 189.5 microns and the unit area is 35910 micron2.
During the contacting process, the Dmax was always maintained
above 3.0. The optimum contacting exposure time was 5
seconds. The solid patch which appears on the continuous
tone gray scale of the UGRA Wedge was 0.15. It also
maintained the detail up to a 4 micron line. For the second,
third, and fourth contacting films, the solid patch of the
UGRA Wedge appeared at a density of 0.30. A 6 micron line
was maintained on the second contacting film, and a 20 micron
line for both third and fourth contacting films. The dot
area readings which were measured with the dot area meter
showed that there was no significant difference (less than
0.2%) among the three sets of the contacting films.
Therefore, only one set was analyzed on the image analyzer
for measuring physical dot area.
The results of plate-making show that a 12 micron line on
the UGRA Wedge was held on the plate. The solid patch of the
UGRA Wedge appears at the density of 0.75.
Visual examination of the make-ready press sheets
indicated no doubling. The pressure and ink-water balance
was correct. The density readings of the slur target (see
Appendix E)on the UGRA Wedge show that there was no slurring.
The solid ink density of the first press run was maintained
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at 1.380.03. The SID of the second press run was kept at
1.6010.03. Three sheets were sampled from each press run.
The density readings showed that there was no significant
difference (less than 0.02) among them. Therefore, only one
sheet was randomly chosen for examining on the image analyzer
for the study.
Data collection
Experiment 1
The dot area readings and the amount of dot sharpening which
were measured by the dot area meter are given in Appendix F .
The dot area readings and the amount of dot sharpening which
were measured by image analyzer are given in Appendix G. The
total number of pixels which was measured by image analyzer
is 215644. It includes six dots, therefore, the dot area was
averaged from six units. Since the intensity of the light
source of the image analyzer was too high, a density of 0.30
ND filter was used while measuring the dot area.
Experiment 2
The dot area readings and dot gain calculations of the
original negative film, the plate, and the press sheets are
given in Appendix H. The dot area of the original negative
film was read as negative readings for convenience of dot
gain calculations . A pair of polarized filters was used to
eliminate the gloss and increase the image contrast when
using the image analyzer. The results of Ar calculations are
given in Appendix I .
Statistical analysis
Minitab is a very good statistical software to analyze the
experimental data. The final ANOVA tables are given in
Appendix J. The Minitab printout includes an ANOVA table and
a diagram which shows the individual 95% confidence interval
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of each sample means . By looking at the diagram, the result
of f test can be easily estimated.
Table 2 gives the result of ANOVA. The table f ratio at
the 0.05 level of significance is 3.01 for shape, and 2.36
for dot area .
Table 2 . The result of ANOVA
F RATIO
SHAPE DOT AREA
CONTACT #1 2.3805 2.2026
CONTACT #2 1.8414 3.0530*
CONTACT #3 0.4918 8.3384*
CONTACT #4 0.1889 18.6790*
PLATE 1.9765 3.2475*
PRESS SHEET 3.3583* 1.8993
* significant difference among the sample
means or reject the hypothesis
According to the result of ANOVA, there was no
significant difference among the sample means of dot shape
for all the contacting test and plate-making, however, there
was significant difference among the sample means of dot area
for contacting and plate-making except the first contacting
test. For the press sheet, the result of ANOVA rejects the
hypothesis 1, but can not reject the hypothesis 2.
Since either hypothesis 1 or hypothesis 2 is rejected,
this study does not prove that the border zone theory can
properly explain the dot gain phenomenon. The hypothesis of
this study is rejected by the result of ANOVA.
In other words, this study does not support the validity of
the border zone theory.
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Data analysis and discussion
Although the final result rejects the hypothesis of this
study, there are several important findings that need to be
discussed. Before we discuss these findings, one thing that
needs to be kept in mind is that dot gain is not the
detriment to printing quality. If controlled, it can be
compensated for during prepress work. Since dot gain has the
greatest influence on color variance, the benefits of
understanding, controlling and compensating for dot gain are
obvious.1 Based on this kind of understanding, the most
important reason for studying dot gain is to understand how
it changes across the dot area from highlight to shadow.
This study tested four different dot shape models to find out
the relationship between the changes of dot gain and dot
shapes .
The dot sharpening/gain curves which were measured and
calculated by the dot area meter and image analyzer are given
in Appendix K. Generally, if the dot area is measured by a
dot area meter or a densitometer, the dot fringe will
influence the dot area reading. However, if the dot area is
measured by the image analyzer, it simply eliminates the
influence of dot fringe by giving a proper threshold value,
therefore, the dot area reading is closer to the physical dot
size on the substrate. In the contacting test, the original
positive film and the contacts must carry a certain degree of
fringe which made the positive dot area reading on the
original film a little bit bigger and the negative dot area
reading on the negative contacting film a little bit smaller
when measured by the dot area meter compared to the image
analyzer measurements. This situation accounts for the
different results of dot sharpening calculations . The
differences are even bigger when the contacting exposure time
increases or a spacer is placed between the original film and
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contacting film due to larger fringe produced on the
contacting film.
When the optimum exposure time is used for film
contacting, the highest dot sharpening/gain for all the
shapes is less than 2%.
Different dot shapes do have different sensitive ranges
for changes of dot gain. The square dot has the sensitive
range between 40% and 50%. The diamond-shaped dot with f=l/2
shape has the most sensitive range from 20% to 40%. This
range is the first location where the first corner link-up
occurred. Round dot model 1 has the most sensitive range
around 50%. Round dot model 2 has the most sensitive ranging
from 60% to 80%. The results are collected in Table 3 .
Table 3. The most sensitive range of the changes of
dot gain for different dot shapes
DOT SHAPE
SQUARE DIAMOND ROUND 1 ROUND 2
SENSITIVE RANGE 40%~50%t 20%~40%* 50% 60%~80%t
t The place where the corner link-up occurred.
* The place where the first corner link-up occurred
This information is very important for people who are in
charge of quality control and assurance. The modification in
the prepress area should have different adjustment for
different dot shapes. For example, the tone reproduction
curve needs to be adjusted most at quarter-tone when the
diamond-shaped dot is used, however, the middle-tone needs to
be changed most when the square dot or the round dot model 1
are used, and three-quarter-tone for the round dot model 2 .
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According to the printout of Minitab and the result of
ANOVA (Table 2), we can not treat the changes of dot gain for
film contacting and the changes of dot gain for the press
sheet as the same. The reasons for explaining the dot gain
phenomenon in the contacting test may not properly explain
the dot gain phenomenon in the press run. Although these
causes are still not fully understood.
The other finding is that as the dot area increases, the
change of the radius (Ar) decreases when performing the
contacting test. One of the possible reason for this
situation is that the smaller the dot area on film, the
larger the white space surrounding it which can affect the
dot size change. Again, this situation does not exist on
press sheet.
Since corner link-up has a very significant relationship
with dot gain, a new category of the dot gain diagram is
given in Figure 13 .
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Endnotes for Chapter 6
1 Miles Southworth, "Dot Gain: Causes and Cures", Quality
Control Scanner, vol.2, no. 9, 1982.
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Chapter 7
Summary and Conclusions
Summary and conclusions
(1) The purpose of this investigation is to prove that if the
border zone theory can properly explain the dot gain
phenomenon during the film contacting and the lithographic
sheetfed printing process. The border zone theory explains
that when dot gain occurs, the width of the border zone
around the dot remains constant. The hypothesis of this
study is based on this theory. The width of the border zone
is independent of the dot size and dot shape.
After performing two experiments and using the analysis
of variance to analyze the sample data, the hypothesis was
rejected. The evidence shows that this study fails to prove
that the border zone theory is valid.
(2) Different dot shapes do have different dot gain functions
of the changes of dot gain. Square dot and round dot model 1
have the greatest dot gain around the middle-tone. The
diamond-shaped dot has the greatest dot gain at quarter-tone
while the range of round dot model 2 appears at the
three-quarter-tone. There are two important factors which
affect the location of the greatest dot gain. One is
geometrical dot shape, the other is the corner link-up
phenomenon .
(3) For the film contacting test, as the dot area increases,
the change of the radius (Ar) decreases. This phenomenon is
more significant as the dot gain increase.
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(4) The corner link-up problem should be discussed with
geometrical dot shape when studying dot gain and tone
rendering.
(5) Dot gain can be compensated for during the prepress work,
but the corner link-up problem can not be compensated during
the prepress work unless the optimum dot structure is used.
Recommendations for further study
(1) For those who are interested in understanding more about
the dot gain phenomenon, this author suggests the
investigation of the corner link-up problem and dot gain
together. It would be very interesting to find out how much
dot gain comes from corner link-up.
(2) Based on this study, the author encourages others who are
interested in studying the design of dot structure to find
out the optimum dot structure which will give better control
of dot gain and tone rendering.
(3) Based on this study, the visual comparison of different
dot shapes which affect the change of tone and color in
printing is an other field that is worth investigation.
(4) Since this study only measured one sample for each
halftone dot, the result might not be completely accurate.
For those who have the time to work with the image analyzer,
this study can be repeated to reduce the experimental error
by measuring more sample data for each halftone dot.
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Appendix A
Derivation of the equations
to the round dot model 2
Area calculations
For r <= 1/2,
r > 1/2,
r >= <2)i/2/2,
A
A
= 7Cr<
A =
7Cr2-4*{2*Cos"1 (l/2r) /360*7Cr2
-2*[l/2*(r2-l/4)1/2/2] }
7Cr2*{l-[Cos-1(l/2r) /45] }
+2* (r2-l/4)1/2
100%
r calculations
For r <= 1/2,
r > 1/2,
r = (A/7C)1/2
r is derived from a table of dot
area calculations which is generated
by computer.
If r >= (2)!/2/2, = (2)!/2/2
r: the distance from the dot center
to the edge. (refer to figure 3-b)
A: dot area.
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Appendix B
Derivation of equations to
the rhombic dot model
Isolated dot
For isolated dot, b must equal or less than 1/2.
f = a/b, a = b*f
r = (a*b) / (a2+b2)!/2 = b2*f/ [b2* (f2+ l) ] i/2
= b*f/ (f2+l)i/2
b = r*(f2+ l) i/2
For b <= 1/2, r* (f2+l)i/2/f <= 1/2
r <= f/[2* (f2+ l)!/2]
For A = 2ab = 2b2f, b = (A/2f ) ^2
(A/2f)!/2 = r* (f2+ l)!/2/f
Therefore, A= [2*r2* (f2+l) ] /f
r = { (A*f) /[2*(f2+l) ] }i/2
Chain dot
Dot area equal or less than 50%
For f/[2*(f2 + l) ]1/2 < r <= (1+f ) / [4* (f2 + l) ^>2 ] ,
Since c = [a* (b-1/2) ] /b = [b*f * (b-1/2) ] /b = f*(b-l/2)
Therefore, A = a+c
= b*f+f* (b-1/2)
= 2*b*f-(f/2)
= 2*{[r*(f2+D1/2]/f}*f-(f/2)
= 2*r*(f2+l)1/2-(f/2)
r = [A+(f/2) ]/[2*(f2 + l)i/2]
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Dot area larger than 50%
For f/[2*(f2+ l) ]i/2 < rw <= (1 + f ) / [4* (f2+ l) ^2]
A = l-[2*r*(f2 + l)1/2-(f/2) ]
rw = [l+(f/2)-A]/[2*(f2+D1/2]
Dot area larger than 50%
For rw <= f/[2*(f2+ l)1/2]
A = l-[2*rw2* (f2+ l) ]/f
rw = { [f*(l-A)]/[2*(f2+ l) ] J1'2
r: the distance from the
dot center to the edge.
rw: the distance from the
center of the clear
white area to the edge
of the dot .
A: dot area, (refer to
figure 3-c)
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Appendix C
Examples of dot gain calculations and curves
based on border zone theory
There are three different amounts of dot gains for each dot
model that are contained in this appendix. The width of the
border zone (Ar) is calculated as a ratio of the length of a
unit area. The three degrees of dot gain are 0.04, 0.08, and
0.12. The results of the calculations are listed in
Table C-l/ C-2r C-3. and C-4 . The dot gain curves for each
dot shape are given in Figure C-l, C-2, C-3, and C-4 .
TABLE C-l. THE RESULTS Of DOT GAIN CALCULATIONS POR SQUARE DOT
BASED ON BORDER ZONE THEORY
* DOT r/rw r< 0.04 * DOT GAIN M0. 08 * DOT GAIN M0.12 * DOT GAIN
0* 0 0000 0 0000 0.00* 0.00* 0 OOOO 0.00* 0.00* 0. OOOO 0.00* 0.00*
5\ 0 1118 0 1518 9.22* 4.22* 0 1918 14.72* 9.72* 0 2318 21.49* 16.49*
10* 0 1581 0 1981 15.70* 5.70* 0 2381 22.68* 12.68* 0 2781 30.94* 20.94*
15* 0 1936 0 2336 21.84* 6.84* 0 2736 29.95* 14.95* 0 3136 39.35* 24.35*
20* 0 2236 0 2636 27.80* 7.80* 0 3036 36.87* 16.87* 0 3436 47.23* 27.23*
25* 0 2500 0 2900 33.64* 8.64* 0 3300 43.56* 18.56* 0 3700 54.54* 29.54*
30* 0 2739 0 3139 39.40* 9.40* 0 3539 50.09* 20.09* 0 3939 60.75* 30.75*
35* 0 2958 0 3358 45.11* 0.11* 0 3758 56.10* 21.10* 0 4158 66.06* 31.06*
40* o 3162 0 3562 50.75* 0.75* 0 3962 61.34* 21.34* 0 43(2 70.65* 30.65*
45* 0 3354 0 3754 55.99* 0.99* 0 4154 65.97* 20.97* 0 4554 74.66* 29.66*
50* 0 3536 0 3936 60.67* 0.67* 0 4336 70.07* 20.07* 0 4736 78.18* 28.18*
55* 0 3717 0 4117 65.09* 0.09* 0 4517 73.91* 18.91* 0 4917 81.44* 26.44*
(0* 0 3909 0 4309 69.48* 9.48* 0 4709 77.68* 17.68* 0 5109 84.60* 24.60*
(5* 0 4113 0 4513 73.83* 8.83* 0 4913 81.37* 16.37* 0 5313 87.64* 22.64*
70* 0 4332 0 4732 78.12* 8.12* 0 5132 84.97* 14.97* 0 5532 90.53* 20.53*
75* 0 4571 0 4971 82.36* 7.36* 0 5371 88.44* 13.44* 0 5771 93.24* 18.24*
80* 0 4835 0 5235 86.52* 6.52* 0 5635 91.75* 11.75* 0 6035 95.71* 15.71*
85* 0 5135 0 5535 90.56* 5.56* 0 5935 94.83* 9.83* 0 6335 97.83* 12.83*
90* 0 5490 0 5890 94.42* 4.42* 0 6290 97.56* 7.56* 0 .6690 99.42* 9.42*
95* 0 5953 0 6353 97.94* 2.94* 0 6753 99.60* 4.60* 0 7071 100.00* 5.00*
100* 0 7071 0 7071 100.00* 0.00* 0 7071 100.00* 0.00* 0 .7071 100.00* 0.00*
TABLE C-2. THE RESULTS OF DOT GAIN CALCULATIONS FOR DIAMOND-SHAPED DOT
BASED ON BORDER IONS THEORY
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* DOT c/rw M0. 04 * DOT GAIN [t0. 08 * DOT GAIN [t0. 12 * DOT GAIN
0* 0.0000 0.0000 0.001 0.001 0.0000 0.00* 0.00* 0.0000 0.00* 0.00*
5* 0.1000 0.1400 9.801i 4 801 0.1800 16.20* 1 1 20* 0.2200 24.20* 1 9.20*
10* 0.1414 0.1814 6 0.2214 24.51* 1 4 51* 0.2614 33.46* ; 3.46*
15* 0.1732 0.2132 k 7 k 0.2532 31.62* 1 6 62* 0.2932 40.56* ; 5.56*
20* 0.2000 0.2400 i 8 0.2800 37.61* 1 7 61* 0.3200 46.55* ; 6.55*
25* 0.2236 0.2636 k 8 . 0.3036 42.89* ) 7 89* 0.3272 * 51.83* ; 6.83*
30* 0.2460 0.2860 k 8 0.3260 47.89* 1 7 89* 0.3049 * 56.83* ; 6.83*
35* 0.2683 0.3083 k 8 l 0.3225 ' 52.89* 7 89* 0.2825 > 61.83* ; 6.83*
40* 0.2907 0.3307 k 8 \ 0.3001 < 57.89* 7 89* 0.2601 * 66.83* ; 6.83*
45* 0.3130 0.3178 k 8 I 0.2778 ' 62.89* 7 89* 0.2378 71.83* 6.83*
50* 0.3354 0.2954 ' k 8 l 0.2554 < 67.89* 7 89* 0.2154 * 76.80* .6.80*
55* 0.3130 * 0.2730 < k 8 t 0.2330 < 72.89* 7 89* 0.1930 * 81.37* !6.37*
60* 0.2907 0.2507 k 8 k 0.2107 77.81* 7 81* 0.1707 85.43* !5.43*
65* 0.2683 0.2283 k 8 t 0.1883 '> 82.27* 17 27* 0.1483 89.00* 14.00*
70* 0.2460 * 0.2060 ; 8 k 0.1660 86.23* 16 23* 0.1260 * 92.07* 12.07*
75* 0.2236 0.1836 k 8 k 0.1436 89.69* 14 69* 0.1036 * 94.63* 19.63*
80* 0.2000 * 0.1600 I 7 k 0.1200 > 92.80* 12 80* 0.0800 ' 96.80* 16.80*
85* 0.1732 0.1332 I 6 k 0.0932 95.66* 10 66* 0.0532 98.58* 13.58*
90* 0.1414 < 0.1014 ' 94.86 t 4 86 k 0.0614 ' 98.11* 8 11* 0.0214 99.77* 9.77*
95* 0.1000 0.0600 ' 98.20 k 3 20 k 0.0200 99.80* 4 .80* 0.0000 * 100.00* 5.00*
100* 0.0000 > 0.0000 ' 100.00 k 0 00 k 0.0000 > 100.00* 0 00* 0.0000 > 100.00* 0.00*
4 THE RADIUS IS rw.
TABLE C-3. THE RESULTS OF DOT GAIN CALCULATIONS FOR ROUND DOT MODEL 1
BASED ON BORDER ZONE THEORY
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* DOT [/[ n 0.04 *DOT GAIN l\ 0.08 *DOT GAIN [< 0.12 *DOT GAIN
0* 0.0000 0.0000 0.00* 0.00* 0.0000 0.00* 0.00* 0.0000 0.00* 0.00*
5* 0.1262 0 1662 8.67* 3.67* 0 2062 13.35* 8.35* 0 2462 19.04* 1 4.04*
10* 0.1784 0 2184 4.99* 4.99* 0 2584 20.98* 1 0.98* 0 2984 27.98* 1 7.98*
15* 0.2185 0 2585 ; 0.99* 5.99* 0 2985 27.99* 1 2.99* 0 3385 36.00* ; 1.00*
20* 0.2523 0 2923 J 6.84* 6.14* 0 3323 34.69* 1 4.69* 0 3723 43.55* J 3.55*
25* 0.2821 0 3221 2.59* 7.59* 0 3621 41.19* 6.19* 0 4021 50.79* ; 5.79*
30* 0.3090 0 3490 8.27* 8.27* 0 3890 47.54* 7.54* 0 4290 57.82* I 7.82*
35* 0.3338 0 3738 3.89* 8.89* 0 4138 53.79* 8.79* 0 4538 64.69* i 9.69*
40* 0.3568 0 3968 9.47* 9.47* 0 4368 59.95* 9.95* 0 4768 71.43* 1.43*
45* 0.3785 0 4185 )5.01* 10.01* 0 4585 66.03* !1.03* 0 4985 78.06* .13.06*
50* 0.3989 0 4389 0.53* 10.53* 0 4789 72.06* .2.06* 0 5189 ! 83.19* 13.19*
55* 0.3785 0 3385 4.01* 9.01* 0 2985 ' 72.01* 17.01* 0 2585 79.01* ,!4.01*
60* 0.3568 0 3168 ' 8.47* 8.47* 0 2768 < 75.93* 15.93* 0 2368 > 82.38* 12.38*
65* 0.3338 < 0 2938 * 12.89* 7.89* 0 2538 .79.77* 14.77* 0 2138 * 85.64* !0.64*
70* 0.3090 0 2690 17.26* 7.26* 0 2290 83.52* 13.52* 0 1890 88.78* 18.78*
75* 0.2821 0 2421 * 11.59* 6.59* 0 2021 87.17* 12.17* 0 1621 91.75* 16.75*
80* 0.2523 ' 0 2123 15.84* 5.84* 0 1723 90.67* 10.67* 0 1323 94.50* 14.50*
85* 0.2185 0 1785 * 19.99* 4.99* 0 1385 93.97* 8.97* 0 .0985 i 96.95* 11.95*
90* 0.1784 ' 0 1384 t )3.98* 3.98* 0 0984 96.96* 6.96* 0 .0584 98.93* 8.93*
95* 0.1262 ' 0 0862 < 17.67* 2.67* 0 0462 ' 99.33* 4.33* 0 .0062 * 99.99* 4.99*
100* 0.0000 0 0000 * 1 )0.00* 0.00* 0 0000 ' 100.00* 0.00* 0 .0000 ' 100.00* 0.00*
THE RADIUS IS w.
I DIAMETER OF DO*f OVE i 1
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TABLE C-4. THE RESULTS OF DOT GAIN CALCULATIONS FOR ROUND DOT MODEL 2
BASED ON BORDER ZONE THEORY
* DOT ill* MO. 04 * DOT GAIN [t0. 08 * DOT GAIN [tO. 12 * DOT GAIN
0* 0.0000 0.0000 0.00* 0.00* 0.0000 0.00* 0.00* 0.0000 0.00* 0.00*
5* 0.1262 0.1662 8.67* 3.67* 0.2062 13.35* 8.35* 0.2462 19.04* 14.04*
10* 0.1784 0.2184 14.99* 4.99* 0.2584 20.98* 10.98* 0.2984 27.98* 17.98*
15* 0.2185 0.2585 20.99* 5.99* 0.2985 27.99* 12.99* 0.3385 36.00* 21.00*
20* 0.2523 0.2923 26.84* 6.84* 0.3323 34.69* 14.69* 0.3723 43.55* 23.55*
25* 0.2821 0.3221 32.59* 7.59* 0.3621 41.19* 16.19* 0.4021 50.79* 25.79*
30* 0.3090 0.3490 38.27* 8.27* 0.3690 47.54* 17.54* 0.4290 57.82* 27.82*
35* 0.3338 0.3738 43.89* 8.89* 0.4138 53.79* 18.79* 0.4538 64.69* 29.69*
40* 0.3568 0.3968 49.47* 9.47* 0.4368 59.95* 19.95* 0.4768 71.43* 31.43*
45* 0.3785 0.4185 55.01* 10.01* 0.4585 66.03* 21.03* 0.4985 78.06* 33.06*
50* 0.3989 0.4389 60.53* 10.53* 0.4789 72.06* 22.06* 0.5189 83.19* 33.19*
55* 0.4184 0.4584 66.02* 11.02* 0.4984 76.04* 23.04* 0.5384 86.95* 31.95*
60* 0.4370 0.4770 71.49* 11.49* 0.5170 82.78* 22.78* 0.5570 89.93* 29.93*
65* 0.4549 0.4949 76.93* 11.93* 0.5349 86.32* 21.32* 0.5749 92.34* 27.34*
70* 0.4720 0.5120 81.66* 11.66* 0.5520 89.18* 19.18* 0.5920 94.29* 24.29*
75* 0.4886 0.5286 85.15* 10.15* 0.5666 91.54* 16.54* 0.6086 95.88* 20.88*
80* 0.5053 0.5453 88.11* 8.11* 0.5853 93.56* 13.56* 0.6253 97.19* 17.19*
85* 0.5278 0.5678 91.44* 6.44* 0.6078 95.81* 10.81* 0.6478 98.55* 13.55*
90* 0.5575 0.5975 94.85* 4.85* 0.6375 97.99* 7.99* 0.6775 99.64* 9.64*
95* 0.5991 0.6391 98.08* 3.08* 0.6791 99.68* 4.68* 0.7071 100.00* 5.00*
100* 0.7071 0.7071 100.00* 0.00* 0.7071 100.00* 0.00* 0.7071 100.00* 0.00*
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Figure C-l. Dot gain curves for square dot based on
the calculations of border zone theory
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Figure C-3. Dot gain curves for round dot model 1 based
on the calculations of border zone theory
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Appendix D
Derivation of Yule-Neilsen equation
s: the amount of light reflects from the surface of the
substrate .
1-s : the amount of light which does not reflect from the
surface of the substrate.
Ts: the transmittance of the ink film.
a: percent dot area.
1-Ts: the fraction of light which was absorbed by ink film.
a* (1-Ts) : the fraction of light which was absorbed by a
particular percent dot area.
1-a* (1-Ts) : the amount of light which penetrates through the
percent dot ink film and reaches to the paper surface.
Rp: the fraction of light which is reflected by paper.
Rp* (1-s)* [1-a* (1-Ts) ]2: the amount of light that
penetrates through the ink film to the paper and then
reflects from the paper, transmits through the ink film
again, and eventually reflects to the eye.
The total reflectance can be described as following
equation :
Reflectance = * + Rp* d"S) * [1-a* (1-Ts) ] 2
Since we used density above paper, we can simplify this
slightly by leaving out Rp .
The value of s is never greater than 0.04. It can be
disregarded. The equation reduces to the following:
R = [1-a* (1-Ts)]2
If a=l, Rs =
Ts2
68
Therefore, R= [1-a* (1-Rs1/2) ] 2
In terms of density, the equation becomes
D = -2*log[l-a*(l-10-Ds/2)]
With one slight modification, the final equation fits the
observed facts better, the equation being
D = -n*log[l-a*(l-10-Ds/n)]
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Appendix E
Density readings of the slur target
on UGRA Wedge from the press sheets
TABLE E-l. THE DENSITY READINGS OF SLUR TARGET
FROM PRESS SHEETS
LEFT
THE SOLID INI DENSITY IS 1.38 t/- 0.03
SAMPLE 1 SAMPLE 2 SAMPLE 3 AVERAGE DENSITY*
45 DEGREE
VERTICAL
HORIZONTAL
C0MBINITI0N
0.41
0.42
0.41
0.41
0.41
0.42
0.40
0.41
0.41
0.42
0.42
0.42
0.41
0.42
0.41
0.41
0.34
0.35
0.34
0.34
RIGHT SAMPLE 1 SAMPLE 2 SAMPLE 3 AVERAGE DENSITY*
45 DEGREE 0.49 0.50 0.48 0.49 0.42
VERTICAL 0.49 0.50 0.48 0.49 0.42
HORIZONTAL 0.49 0.50 0.41 0.49 0.42
COHBINIT ION 0.49 0.50 0.49 0.49 0.42
THE SOLID INI DENSITY IS 1.60 t/- 0.03
LEFT SAMPLE 1 SAMPLE 2 SAMPLE 3 AVERAGE DENSITY'
45 DEGREE
VERTICAL
HORIZONTAL
COMBINITION
0.52
0.52
0.51
0.51
0.52
0.52
0.52
0.51
0.52
0.52
0.51
0.51
0.52
0.52
0.51
0.51
0.45
0.45
0.44
0.44
RIGHT SAMPLE 1 SAMPLE 2 SAMPLE 3 AVERAGE DENSITY*
45 DEGREE 0.62 0.62 0.61 0.62 0.55
VERTICAL 0.61 0.62 0.61 0.61 0.54
HORIZONTAL 0.62 0.63 0.62 0.62 0.55
COMBINITION 0.62 0.62 0.61 0.62 0.55
< DENSITY ABOVE PAPER
THE DENSITY OF PAPER IS 0.07.
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Appendix F
Dot area readings and the amount of dot sharpening
for different dot shapes measured by dot area meter
CONTACT 41 : THE EXPOSURB TIME IS 5 SECONDS.
CONTACT 12 : THE EXPOSURE TIME IS 10 SECONDS.
CONTACT 13 : THE EXPOSURE TIME IS 10 SECONDS t 1 SPACER.
CONTACT 14 : THE EXPOSURE TIME IS 10 SECONDS t 2 SPACERS.
SHARP : DOT SHARPENING
TABLE F-l. THE DOT SHARPENING OF SQUARE DOT SHAPE
MEASURED BY DOR AREA METER
CONTACT II CONTACT 12 CONTACT 83 CONTACT 14
NO. ORIGINAL
DOT *D0T* SHARP *D0T SHARP *D0T SHARP *D0T SHARP
0.0* 0.0*
2.0* 4.0*
3.0* 11.8*
3.9* 20.5*
4.5* 30.3*
4.9* 41.1*
4.5* 54.0*
3.6* 65.3*
2.9* 76.6*
1.9* 88.7*
0.0* 100.0*
.0* 0.0* 0.
.6* 3.0* 4.
.1* 10.3* 6.
.0* 18.7* 7.
.9* 28.2* 9.
.5* 39.21 9.
.7* 52.61 8.
.1* 64.51 5.
.0* 76.11 4.
.5* 88.41\ 2.
.0* 100.01k 0.
0*
6*
6*
8*
0*
4*
1*
9*
5*
8*
.0*
NEGATIVE READING
TABLE F-2. THE DOT SHARPENING OF DIAMOND-SHAPED DOT
MEASURED BY DOT AREA METER
CONTACT II CONTACT 12 CONTACT 13 CONTACT 14
NO. ORIGINAL
DOT *DOT SHARP *DOT* SHARP *DOT SHARP *DOT* SHARP
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0.0* 0.0* 0.0* 0.0* 0.0* 0.0* 0.0* 0.0* 0.0*
5.7*
14.7*
23.7*
34.4*
52.0*
61.9*
4.4*
12.6*
21.1*
31.9*
49.1*
59.8*
1.3*
2.1*
2.6*
2.5*
2.2*
2.1*
3.5*
11.2*
19.5*
29.9*
48.0*
58.1*
2.2*
3.5*
4.2*
4.5*
4.0*
3.8*
2.3*
9.4*
17.2*
27.6*
45.9*
56.1*
3.4*
5.3*
6.5*
6.8*
6.1*
5.8*
72.0* 69.8* 2.2*
91.2* 90.0* 1.2* .1* 2.1*
1.5*
7.5*
14.9*
25.3*
44.3*
54.8*
4.2*
7.2*
8.8*
9.1*
7.7*
7.1*
.0* 4.0* 66.2* 5.8* 65.3* 6.7*
81.1* 79.0* 2.1* 77.8* 3.3* 76.6* 4.5* 76.0* 5.1*
.4* 2.8* 88.3* 2.9*
10 100.0* 100.0* 0.0* 100.0* 0.0* 100.0* 0.0* 100.0* 0.0*
NEGATIVE READING
TABLE F-3. THE DOT SHARPENING OF ROUND DOT MODEL 1
MEASURED BY DOT AREA METER
CONTACT II CONTACT 12 CONTACT 13 CONTACT 14
NO. ORIGINAL
DOT *DOT SHARP *DOT< SHARP *DOT< SHARP *DOT< SHARP
0 0.0* 0.0* 0.0* 0.0* 0.0* 0.0* 0.0* 0.0* 0.0*
1 6.7* 5.6* 1.1* 4.8* 1.9* 3.3* 3.4* 2.2* 4.5*
2 16.1* 14.6* 1.5* 13.4* 2.7* 11.3* 4.8* 9.3* 6.8*
3 25.2* 23.4* 1.8* 21.9* 3.3* 19.9* 5.3* 17.7* 7.5*
4 34.5* 32.3* 2.2* 30.6* 3.9* 28.5* 6.0* 26.3* 8.2*
5 47.0* 44.6* 2.4* 42.6* 4.4* 40.3* 6.7* 38.3* 8.7*
6 60.3* 58.3* 2.0* 56.4* 3.9* 54.5* 5.8* 53.2* 7.1*
7 70.4* 68.9* 1.5* 67.3* 3.1* 65.6* 4.8* 64.8* 5.6*
8 80.9* 79.7* 1.2* 78.5* 2.4* 77.2* 3.7* 76.9* 4.0*
9 90.9* 90.0* 0.9* 89.3* 1.6* 88.4* 2.5* 88.4* 2.5*
10 100.0* 100.0* 0.0* 100.0* 0.0* 100.0* 0.0* 100.0* 0.0*
> NEGATIVE READING
TABLE F-4. THE DOT SHARPENING OF ROUND DOT MODEL 2
MEASURED BY DOT AREA METER
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CONTACT 11 CONTACT 12 CONTACT 13 CONTACT 14
NO. ORIGINAL
DOT *DOT SHARP *DOT JHARP *DOT SHARP *DOT IHARP
0 0.0* 0.0* 0.0* 0.0* 0.0* 0.0* 0.0* 0.0* 0.0*
1 7.2* 5.8* 1.4* 5.0* 2.2* 3.5* 3.7* 2 6* 4.6*
2 16.5* 15.0* 1.5* 13.7* 2.8* 11.9* 4.6* 10 2* 6.3*
3 26.8* 24.9* 1.9* 23.3* 3.5* 21.1* 5.7* 19 3* 7.5*
4 37.2* 34.9* 2.3* 33.0* 4.2* 30.8* 6.4* 28 7* 8.5*
5 46.8* 44.3* 2.5* 42.2* 4.6* 39.8* 7.0* 37 8* 9.0*
6 58.3* 55.4* 2.9* 53.2* 5.1* 50.8* 7.5* 49 1* 9.2*
7 69.1* 65.8* 3.3* 63.6* 5.5* 61.3* 7.8* 59 7* 9.4*
8 80.2* 78.8* 1.4* 78.2* 2.0* 77.0* 3.2* 76 4* 3.8*
9 91.0* 89.9* 1.1* 89.3* 1.7* 88.4* 2.6* 88 .1* 2.9*
10 100.0* 100.0* 0.0* 100.0* 0.0* 100.0* 0.0* 100 .0* 0.0*
NEGATIVE READING
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Appendix G
Appendix G
Dot area readings and the amount of dot sharpening
for different dot shapes measured by image analyzer
76
THE NUMBER OF PIXELS IHICI HAS MEASURED IS 215644.
CONTACT II
CONTACT 12
CONTACT 13
CONTACT 14
5 SECONDS
10 SECONDS,
10 SECONDS
10 SECONDS
1 SPACER.
2 SPACERS.
TABLE G-l. THE PERCENT DOT AREA OF SQUARE DOT SHAPE
MEASURED BY IMAGE ANALYZER
NO.
ORIGINAL CONTACT II CONTACT 12 CONTACT 13 CONTACT 14
PIXELS *D0T* PIXELS *D0T*PIXELS *D0T* PIXELS *D0T PIXELS *D0T
1 14635 (.8* 201210 6.7* 203269 5.711 204966 5.0* 206936 4.0*
2 35156 16.3* 181503 15.8* 184776 14.311 187188 13.2* 169966 11.9*
3 56875 26.4* 160143 25.7* 165847 23.11\ 168236 22.0* 171559 20.4*
4 79964 37.1* 138047 36.0* 143995 33.21\ 146672 32.0* 149527 30.7*
5 102829 47.7* 116200 46.1* 121425 43.71k 123977 42.5* 126553 41.3*
6 127979 59.3* 89902 58.3* 92809 57.01k 94975 56.0* 97742 54.7*
7 150189 69.6* 66624 69.1* 70507 67.3'k 71361 66.9* 72496 66.4*
8 172436 80.0* 43520 79.8* 47411 78.0'( 48132 77.7* 48110 77.7*
9 195490 90.7* 20605 90.4* 22989 89.31k 22364 89.6* 22759 89.4*
POSITIVE READINGS
* NEGATIVE READINGS
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TABLE G-2. THE PERCENT DOT AREA OF DIAMOND-SHAPED DOT
MEASURED BY IMAGE ANALYZER
ORIGINAL CONTACT 11 CONTACT 12 CONTACT 13 CONTACT 14
PIXELS *DOT PIXELS *DOT" PIXELS *DOT PIXELS *DOT PIXELS *DOT
1 10760 5.0* 205591 4.7* 207803 3.6* 208814 3.2* 211608 1.9*
2 28289 13.1* 188273 12.7* 191042 11.4* 192571 10.7* 194670 9.7*
3 47882 22.2* 170104 21.1* 173350 19.6* 176188 16.3* 178760 17.1*
4 71121 33.0* 147080 31.8* 150335 30.3* 153080 29.0* 155239 28.0*
5 110043 51.0* 107530 50.1* 110172 48.9* 112590 47.8* 115806 46.3*
6 131310 60.9* 85988 60.1* 89536 58.5* 90711 57.9* 92936 56.9*
7 154674 71.7* 62467 71.0* 66217 69.3* 68372 68.3* 71368 66.9*
8 174209 BO. 8* 42604 80.2* 45868 78.7* 47216 78.1* 47987 77.7*
9 195747 90.8* 19788 90.8* 22767 89.4* 23311 89.2* 23652 89.0*
:=:=:======::.::::::::: :;::::::s::::::::: ::::::=:::::::::x: :==:=:::: : : :::::::=:==:::::;
> POSITIVE READINGS
" NEGATIVE READINGS
TABLE G-3. THE PERCENT DOT AREA OF ROUND DOT MODEL 1
MEASURED BY IMAGE ANALYZER
ORIGINAL CONTACT 11 CONTACT 12 CONTACT 13 CONTACT 14
PIXELS *DOT PIXELS *DOT* PIXELS *DOT* PIXELS *DOT PIXELS *DOT
1 13176 6.1* 203271 5.7* 205011 4.9* 206599 4.2* 208621 3.3*
2 34453 16.0* 182436 15.4* 185076 14.2* 187116 13.2* 186628 12.5*
3 51409 23.8* 165274 23.4* 166872 22.6* 170270 21.0* 172372 20.1*
4 71337 33.1* 146102 32.2* 149879 30.5* 150522 30.2* 152696 29.2*
5 98776 45.8* 119292 44.7* 122360 43.3* 123685 42.6* 126775 41.2*
6 127757 59.2* 89853 56.3* 93002 56.9* 92852 56.9* 95365 55.8*
7 149534 69.3* 67523 68.7* 69231 67.9* 70690 67.2* 71842 66.7*
8 174275 60.8* 42745 80.2* 43446 79.9* 45560 78.9* 46649 76.4*
9 195375 90.6* 21154 90.2* 22280 89.7* 23513 69.1* 24665 88.6*
> POSITIVE READINGS
* NEGATIVE READINGS
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TABLE G-4. THE PERCENT DOT AREA OF ROUND DOT MODEL 2
MEASURED BY IMAGE ANALYZER
NO.
ORIGINAL CONTACT 11 CONTACT 12 CONTACT 13 CONTACT 14
PIXELS *DOT PIXELS *DOT PIXELS *DOT" PIXELS *DOT* PIXELS *DOT
1 14865 6.9* 201761 6.4* 204555 5.1* 205410 4.7* 207608 3.7*
2 34410 16.0* 182123 15.5* 185515 14.0* 186317 13.6* 189694 12.0*
3 55872 25.9* 161750 25.0* 164168 23.9* 166745 22.7* 170203 21.1*
4 77447 35.9* 140452 34.9* 143319 33.5* 145727 32.4* 148017 31.4*
5 97816 45.4* 120213 44.3* 123436 42.8* 125941 41.6* 128659 40.3*
6 122504 56.8* 95640 55.6* 99482 53.9* 101350 53.0* 104547 51.5*
7 145729 67.6* 73087 66.1* 77073 64.3* 81172 62.4* 81008 62.4*
8 174408 80.9* 43134 80.0* 45057 79.1* 45114 79.1* 44966 79.1*
9 195420 90.6* 21289 90.1* 23739 81.01 22444 69.6* 23091 89.3*
POSITIVE READINGS
NEGATIVE READINGS
TABLE G-5. THE DOT SHARPENING TABLE MEASURED BY IMAGE ANALYZER
NO.
SQUARE DOT DIAMOND-SHAPED DOT ROUND DOT MODEL 1 ROUND DOT MODEL 2
11 12 13 14 11 12 13 14 11 12 13 14 11 12 13 14
1 0.1* 1.0* 1.8* 2.7* 0.3* 1.4* 1.8* 3.1* 0.4* 1.2* 1.9* 2.9* 0.51i 1.8* 2.1* 3.2*
2 0.5* 2.0* 3.1* 4.4* 0.4* 1.7* 2.4* 3.4* 0.6* 1.8* 2.7* 3.4* 0.41, 2.0* 2.4* 3.9*
3 0.6* 3.3* 4.4* 5.9* 1.1* 2.6* 3.9* 5.1* 0.5* 1.2* 2.8* 3.8* 0.91l 2.0* 3.2* 4.8*
4 1.1* 3.9* 5.1* 6.4* 1.2* 2.7* 4.0* 5.0* 0.8* 2.6* 2.9* 3.9* 1.01I 2.4* 3.5* 4.6*
5 1.6* 4.0* 5.2* 6.4* 0.9* 2.1* 3.2* 4.7* 1.1* 2.5* 3.2* 4.6* 1.1'k 2.6* 3.8* 5.0*
6 1.0* 2.4* 3.4* 4.7* 0.8* 2.4* 3.0* 4.0* 0.9* 2.4* 2.3* 3.5* 1.2'k 2.9* 3.8* 5.3*
7 0.5* 2.3* 2.7* 3.3* 0.7* 2.4* 3.4* 4.8* 0.7* 1.4* 2.1* 2.7* 1.5'k 3.3* 5.2* 5.1*
8 0.1* 1.9* 2.3* 2.3* 0.5* 2.1* 2.7* 3.0* 0.6* 1.0* 1.9* 2.4* 0.9 k 1.8* 1.8* 1.7*
9 0.3* 1.3* 1.0* 1.2* -0.1* 1.3* 1.6* 1.7* 0.4* 0.9* 1.5* 2.0* 0.5 k 1.6* 1.0* 1.3*
II
12
13
14
5 SECONDS.
10 SECONDS.
10 SECONDS t 1 SPACER.
10 SECONDS t 2 SPACERS.
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Appendix H
Appendix H
The dot area readings and dot gain calculations of
the original film, the plate, and the press sheets
PRESS SHEET 1 : THE SOLID INI DENSITY IS 1.38 t/- 0.03.
PRESS SHEET 2 : THE SOLID INI DENSITY IS 1.60 +/- 0.03.
GAIN1 -- DOT ON PRESS SHEET - DOT ON ORIGINAL FILM
GAIN2 ; DOT ON PRESS SHEET - DOT ON PLATE
TABLE H-l. THE PERCENT DOT AND DOT GAIN OF SQUARE DOT
ON THE ORIGINAL, PLATE, AND PRESS SHEETS
MEASURED BY IMAGE ANALYZER
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ORIGINAL
un -
PLATE PRESS SHEET 1 PRESS SHEET 2
PIXELS *D0T PIXELS *D0T GAIN PIXELS *DOT GAINl GAIN2 PIXELS *DOT GAINl GAIN 2
0.0* 0 0.01k 0.0* 0 0.0* 0. 3* 0.0* 0.01> 0.01 0.0*
9.0* 21109 9.81k 0.7* 29746 13.8* 4. 7* 4.0* 43105 20.01l 10.91, 10 2*
17.9* 40732 18.91, 1.0* 64717 30.0* 12. 2* 11.1* 77679 I 18.21t 17 1*
29.0* 66299 30.71l 1.8* 88714 41.1* 12. 2* 10.4* 106667 k 20.51l 18 7*
40.8* 92096 42.71k 1.9* 20219 55.7* 14. 9* 13.0* 153427 \ 30.31\ 28 4*
51.4* 114883 53.31l 1.9* 48471 68.9* 17. 4* 15.6* 176525 k 30.51k 28 6*
63.9* 140600 65.2'I 1.3* 68319 78.1* 14. 1* 12.9* 186771 i 22.71k 21 4*
72.7* 158588 73.5'k 0.8* 80722 83.8* 11. 1* 10.3* 196384 k 18.3'k 17 5*
82.9* 179697 83.3'k 0.5* 195155 90.5* 7. 6* 7.2* 207596 k 13.4'k 12 9*
92.8* 200448 93.0'k 0.2* 210256 97.5* 4. 7* 4.5* 215644 100.0 k 7.2 k 7 0*
10 0 100.0* 215644 100.0'k 0.0* 115644 100.0* 0. 0* 0.0* 215644 100.0 k 0.0'k 0 0*
1 NEGATIVE READING,
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TABLE H-2. THB PERCENT DOT AND DOT GAIN OF DIAMOND-SHAPED DOT
ON THE ORIGINAL, PLATE, AND PRESS SHEETS
MEASURED BY IMAGE ANALYZER
NO
ORIGINAL PLATE PRESS SHEET 1 PRESS SHEET 2
PIXELS *DOT PIXELS *DOT GAIN PIXELS *DOT GAINl GA1N2 PIXELS *DOT GAINl GAIN2
0 215644 0.01i 0 0.0* 0.0* 0 0.0* 0.0* 0.0* 0 0.0* 0.0* 0.0*
199832 7.31k 17371 8.1* 0.7* 25401 11.8* 4.4* 3.7* 29187 13.5* 6.2* 5.5*
180983 16.11l 36563 17.0* 0.9* 53503 24.8* 8.7* 7.9* 64639 30.0* 13.9* 13.0*
159196 26.21( 59174 27.4* 1.3* 83701 38.8* 12.6* 11.4* 102028 47.3* 21.1* 19.9*
136146 36.91k 82631 38.3* 1.5* 114906 53.3* 16.4* 15.0* 131899 61.2* 24.3* 22.8*
96645 55.2'i 120690 56.0* 0.8* 140446 65.1* 9.9* 9.2* 171090 79.3* 24.2* 23.4*
77870 63.9'k 140317 65.1* 1.2* 166340 77.1* 13.2* 12.1* 186826 86.6* 22.7* 21.6*
53298 75.3'I 165081 76.6* 1.3* 185534 86.0* 10.8* 9.5* 204349 94.8* 19.5* 18.2*
33677 84.4 k 182534 84.6* 0.3* 198991 92.3* 7.9* 7.6* 212182 98.4* 14.0* 13.7*
13262 93.9'k 203904 94.6* 0.7* 215644 100.0* 6.1* 5.4* 215644 100. 0* 6.1* 5.4*
10 0 100.0 k 215644 100.0* 0.0* 215644 100.0* 0.0* 0.0* 215644 100.0* 0.0* 0.0*
NEGATIVE READING.
TABLE H-3. THE PERCENT DOT AND DOT GAIN OF ROUND DOT MODEL 1
ON THE ORIGINAL, PLATE, AND PRESS SHEETS
MEASURED BY IMAGE ANALYZER
ORIGINAL PLATE PRESS SHEBT 1 PRBSS SHEET 2
PIXELS *DOT* PIXELS *DOT GAIN PIXELS *DOT GAINl GAIN2 PIXELS *DOT GAINl GAIN2
0 215644 0.0* 0 0.0* 0.0* 0 0.0* 0.0* 0.0* 0 0.0* 0.0* 0.0*
1 199145 7.7 * 17180 8.0* 0 3* 32323 15.0* 7.3* 7.0* 40676 18.9* 11.2* 10.9*
2 176348 18.2 * 41085 19.1* 0 8* 58136 27.0* 8.7* 7.9* 69169 32.1* 13.9* 13.0*
3 154915 28.2* 63451 29.4* 1 3* 83656 38.6* 10.6* 9.4* 103141 47.8* 19.7* 18.4*
4 132645 38.5* 87814 40.7* 2 2* 114735 53.2* 14.7* 12.5* 131875 61.2* 22.7* 20.4*
5 105313 51.2 * 115440 53.5* 2 4* 157216 72.9* 21.7* 19.4* 172033 79.8* 28.6* 26.2*
6 78885 63.4 * 139863 64.9* 1 4* 172165 79.8* 16.4* 15.0* 185737 66.1* 22.7* 21.3*
7 57629 73.3 * 160932 74.6* 1 4* 179738 83.3* 10.1* 8.7* 196172 91.0* 17.7* 16.3*
8 36222 83.2 * 180845 83.9* 0 7* 199164 92.4* 9.2* 8.5* 208896 96.9* 13.7* 13.0*
9 15302 92.9 * 201658 93.5* 0 6* 210918 97.8* 4.9* 4.3* 215644 100.0* 7.1* 6.5*
10 o 100.0* 215644 100.0* 0 0* 215644 100.0* 0.0* 0.0* 215644 100.0* 0.0* 0.0*
NEGATIVE READING.
TABLE H-4. THE PERCENT DOT AND DOT GAIN OF ROUND DOT MODEL 2
ON THE ORIGINAL, PLATE, AND PRESS SHEETS
MEASURED BY IMAGE ANALYZER
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ORIGINAL PLATE PRESS SHEET 1 PRESS SHEET 2
NO.
PIXELS *DOT> PIXELS *DOT GAIN PIXELS *DOT GAINl GAIN2 PIXELS *DOT GAINl GAIN2
0 215644 0.01 0 0.0* 0.0* 0 0.0* 0.0* 0.0* 0 0.0* 0.0* 0.0*
196489 8.91 21279 1.0* 28900 13.4* 4.5* 3.5* 37202 17.3* 8.4* 7.4*
173539 19.51. 43812 0.8* 57520 26.7* 7.1* 6.4* 74495 34.5* 15.0* 14.2*
150341 30.31l 68158 1.3* 88813 41.2* 10.9* 9.6* 106605 49.4* 19.2* 17.8*
126331 41.4'k 93391 t 1.9* 111216 51.6* 10.2* 8.3* 136273 63.2* 21.8* 19.9*
104534 51.5'k 115395 i 2.0* 139076 64.5* 13.0* 11.0* 174057 80.7* 29.2* 27.2*
76987 64.3 k 143012 k 2.0* 173463 80.4* 16.1* 14.1* 189744 88.0* 23.7* 21.7*
56065 74.0 k 165198 I 2.6* 187235 86.8* 12.8* 10.2* 201457 93.4* 19.4* 16.8*
8 34135 84.2 k 182468 84.6 k 0.4* 197360 91.5* 7.4* 6.9* 207429 96.2* 12.0* 11.6*
9 15921 92.6 k 200164 92.8 k 0.2* 210419 97.6* 5.0* 4.8* 215644 100. 0* 7.4* 7.2*
10 0 100.0 k 215644 100.0 k 0.0* 215644 100.0* 0.0* 0.0* 215644 100.0* 0.0* 0.0*
' NEGATIVE READING.
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The results of Ar calculations
TABLB 1-1. THE TABLE OF ti PREPARED FOR
ANALYSIS OF VARIANCE OF CONTACT II
SHAPES
SQUARE DIAMOND R0UND1 R0UND2
1 0 2 0.6 0.8 0.9
2 0 6 0.5 0.8 0.6
* 3 0 6 1.0 0.5 1.0
D 4 0 9 1.0 0.8 0.9
0 5 1 1 0.6 0.9 0.9
T 6 0 8 0.7 0.8 0.8
7 0 5 0.6 0.6 1.0
8 0 2 0.5 0.8 0.7
9 0 5 -0.1 0.7 0.7
UNIT: MICRONS
TABLE 1-2. THE TABLE OF a I PREPARED FOR
ANALYSIS OF VARIANCE OF CONTACT 12
SHAPES
SQUARE DIAMOND ROUND1 ROUND2
.0 2.8 2.7 3.8
2 1 2.5 2.7
* 3 3 2 4 1.4 2.2
D 4 3 2 3 2.5 2.2
0 5 2 1 8 2.0 2.1
T 6 1 2 0 2.0 2.1
2 1 1.4 2.2
8 2 .0 1 9 1.2 1.4
9 2 .0 1 8 1.6 2.1
UNIT: MICRONS
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TABLE 1-3. THE TABLE OF *r PREPARED FOR
ANALYSIS OF VARIANCE OF CONTACT 13
SHAPES
SQUARE DIAMOND ROUND 1 ROUHD2
1 3.6 3.8 4.5
2 3.8 3.0 3.8
* 3 4.2 3.7 3.2
D 4 4.1 3.4 2.7
0 5 3.7 2.8 2.5
T 6 2.5 2.5 1.9
2.0
8 2.4 2.5 2.3
9 1.5 2.1 2.5
I:::::::::::::::::::::::::::::r:::r:: =:=:==:=
UNIT: MICRONS
TABLE 1-4. THE TABLE OF &r PREPARED FOR
ANALYSIS OF VARIANCE OF CONTACT 14
SHAPES
SQUARE DIAMOND ROUND 1 ROUND2
5.6 7 3 7.1
5.6 4 3 4.9
* 3 5.8 4 9 4.3
D 4 5.2 4 2 3.7
0 5 4.5 4 0 3.7
T 6 3.4 3 4 2.8
2.7 1 1 2.5
8 2.3 2 8 2.9
9 1.8 2 3 3.4
:::::: =
::::":::::::"" :::::::::::
UNIT: MICRONS
TABLE 1-5. THE TABLE OF &l PREPARED FOR
ANALYSIS OF VARIANCE OF
PLATE-MAKING
SHAPES
SQUARE DIAMOND ROUND 1 ROUND2
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1.1 0.6 1.7
0.9 1.0 0.9
1.1 1.3 1.3
1.2 1.9 1.6
0.7 1.8 1.5
1.0 1.3 1.3
1.1 1.4 1.6
0.3 0.9 0.5
1.2 1.3 0.3
UNIT: MICRONS
TABLE 1-6. THE TABLE OF a r PREPARED FOR
ANALYSIS OF VARIANCE OF
PRESS SHEETS
SHAPES
SQUARE DIAMOND ROUND 1 ROUND2
6.7 6.1 11.8 7.3
11.9 8.2 9.9 8.0
* 3 9.8 10.7 9.9 9.8
D 4 10.4 13.9 11.7 8.0
O 5 13.2 6.4 14.8 9.1
T 6 12.5 11.3 16.7 10.4
11.3 10.4 11.6 9.9
10.0 9.9 14.3 8.5
10.5 20.9 12.7 10.2
UNIT: MICRONS
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The results of ANOVA tables from Minitab
C4
C2
C3
DF
the sample data, Ar
the variable 1, dot shape
the variable 2, dor area
degree of freedom
SS: Sum of Squares
MS : Mean Square
CI: 95% Confidence Interval
Table J-l. The printout of Minitab
ANOVA table for contact #1
ANALYSIS OF VARIANCE
SOURCE DF
C2 3
C3 8
ERROR 24
TOTAL 35
C2 Mean
1 0.600
2 0.622
3 0.744
4 0.833
C3 Mean
1 0.63
2 0.63
3 0.78
4 0.90
5 0.93
6 0.78
7 0.68
8 0.55
9 0.45
C4
SS MS
0.3222 0.1074
0.7950 0.0994
1.0828 0.0451
2.2000
Individual 95% CI
+ + + + _
( * }
( * }
( * }
( * j
0.600 0.750 0.900 1.050
Individual 95% CI
( * )
( * )
( * )
( * }
( * }
( * j
( * )
( * )
( * j
_ + + + + +
0.25 0.50 0.75 1.00 1.25
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Table J-2. The printout of Minitab
ANOVA table for contact #2
ANALYSIS OF VARIANCE C4
SOURCE
C2
C3
ERROR
TOTAL
DF
3
8
24
35
SS
016
492
414
922
MS
0.339
0.562
0.184
C2
1
2
3
4
Mean
2.34
2.13
1.92
2.31
Individual 95% CI
1.75 2.00 2.25 2.50
C3 Mean
1 2.83
2 2.42
3 2.28
4 2.53
5 2.17
6 1.95
7 1.92
8 1.63
9 1.88
Individual 95% CI
( *
( * }
( * )
( * )
( * }
( * )
( * )
( * )
( * )
+ + + +--.
1.50 2.00 2.50 3.00
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Table J-3. The printout of Minitab
ANOVA table for contact #3
ANALYSIS OF VARIANCE C4
SOURCE
C2
C3
ERROR
TOTAL
DF
3
8
24
35
0
18
6
25
SS
407
400
620
427
MS
0.136
2.300
0.276
C2
1
2
3
4
Mean
3.12
2.97
2.82
2.99
Individual 95% CI
(
- +
50
+ -
(
+
2.75
- +
00
- +
25
C3
1
2
3
4
5
6
7
8
9
Individual 95% CI
Mean + + +
4.18 ( *-
3.47 ( * )
3.65 ( * )
3.35 ( * )
3.03 ( * )
2.40 ( * )
2.67 ( * )
2.15 ( * )
1.88 ( * )
2.00 3.00 4.00
+ -
5.00
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Table J-4. The printout of Minitab
ANOVA table for contact #4
ANALYSIS OF VARIANCE C4
SOURCE
C2
C3
ERROR
TOTAL
DF
3
8
24
35
0
69
11
80
SS
262
100
098
460
MS
0.087
8.637
0.462
C2
1
2
3
4
Individual 95% CI
Mean + + + +
4. 10 ( * )
4.14 ( * )
3.9 2 ( * )
4.10 ( * )
+ + + +
3.60 3.90 4.20 4.50
C3
1
2
3
4
5
6
7
8
9
Individual 95% CI
Mean + + + +-
6.85 ( * )
5.10 ( * )
5.08 ( * )
4.32 ( * )
4.07 ( * )
3.35 ( * )
3.17 ( * )
2.35 ( * )
2.30 ( * )
+ + + + .
3.00 4.50 6.00 7.50
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Table J-5. The printout of Minitab
ANOVA table for plate-making
ANALYSIS OF VARIANCE C4
SOURCE
C2
C3
ERROR
TOTAL
DF
3
8
24
35
SS
632
769
558
959
MS
0.211
0.346
0.107
C2
1
2
3
4
Individual 95% CI
Mean + + + +
1.00 ( * )
0.96 ( * )
1.28 ( * )
1.19 ( * )
0.80 1.00 1.20 1.40
C3
1
2
3
4
5
6
7
8
9
Individual 95% CI
Mean + + + +
1.13 ( * )
0.98 ( * )
1.30 ( * )
1.52 ( *
1.32 ( * )
1.15 ( * )
1.20 ( * )
0.55 ( * )
0.80 ( * )
+ + + +
0.40 0.80 1.20 1.60
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Table J-6. The printout of Minitab
ANOVA table for press sheets
ANALYSIS OF VARIANCE C4
SOURCE
C2
C3
ERROR
TOTAL
DF
3
8
24
35
58
88
139
285
SS
35
00
00
35
MS
19.45
11.00
5.79
C2
1
2
3
4
Mean
10.70
11.09
12.60
9.02
C3 Mean
1 8.0
2 9.5
3 10.1
4 11.0
5 11.4
6 12.7
7 10.8
8 10.7
9 13.6
Individual 95% CI
+ + + +
( * )
( * }
( * )
( * }
+ + + +
8.00 10.00 12.00 14.00
Individual 95% CI
( * j
( * }
( * )
( * }
( * )
( * }
( * )
( * )
( * }
-- + + + +
6.0 9.0 12.0 15.0
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Appendix K
Dot sharpening/gain curves
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Figure K-l. Dot sharpening curves of contacting test for
square dot measured by dot area meter
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Figure K-2 . Dot sharpening curves of contacting test for
diamond-shaped dot measured by dot area meter
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Figure K-3. Dot sharpening curves of contacting test for
round dot model 1 measured by dot area meter
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Figure K-4. Dot sharpening curves of contacting test for
round dot model 2 measured by dot area meter
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Figure K-5 . Dot sharpening curves of contacting test for
square dot measured by image analyzer
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Figure K-6. Dot sharpening curves of contacting test for
diamond-shaped dot measured by image analyzer
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Figure K-7 Dot sharpening curves of contacting test for
round dot model 1 measured by image analyzer
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Figure K-8. Dot sharpening curves of contacting test for
round dot model 2 measured by image analyzer
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Figure K-9. Dot gain curve of plate-making for square dot
measured by image analyzer
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Figure K-10. Dot gain curve of plate-making for
diamond- shaped dot measured by image analyzer
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Figure K-ll. Dot gain curve of plate-making for round dot
model 1 measured by image analyzer
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Figure K-12. Dot gain curve of plate-making for round dot
model 2 measured by image analyzer
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Figure K-13. Dot gain curve of press sheets for square dot
measured by image analyzer
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Figure K-14. Dot gain curve of press sheets for
diamond- shaped dot measured by image analyzer
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Figure K-15. Dot gain curve of press sheets for round dot
model 1 measured by image analyzer
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Figure K-16. Dot gain curve of press sheets for round dot
model 2 measured by image analyzer
